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@ An LC element, and a semiconductor device 
featuring excellent attenuation characteristics and 
comprising a pn junction layer 26 comprising an n"^ 
region 22 having a predetermined shape and a p"*" 
region 20 having a predetermined shape formed 
near the surface of a semiconductor substrate 24, 
and an inductor electrode 10 formed on tine surface 
of the p+ region 20, wherein the inductor electrode 
10 and n"^ region 22 respectively function as induc- 
tors, and by using in reverse bias, the pn junction 
layer 26 forms a distributed constant type capacitor, 
and the LC element manufacturing method. 

The LC element arid the semiconductor device 
can be easily manufactured, parts assembly work in 
subsequent processing can be abbreviated, forma- 
tion as part of an IC or LSI device is possible and by 
changing the capacitance of the distributed constant 
type capacitor, the characteristics can be changed 
according to requirements. 
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BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to an-LC element and 
a senniconductor device capable of attenuating a 
predetermined frequency band and- used either as 
part of a semiconductor or ;Other device, or as a 
discrete element, and a method for, manufacturing 
such an LC element. . . . . ^ 

Background Art 

The rapid advancement of electronics technology 
in recent years has brought about the use of elec- 
tronic circuits in an increasingly broad range. of 
fields. Therefore, stable operation of these elec- 
tronic circuits is sought without being affected by 
external conditions. . . 

However, electronic circuits are directly or in- 
directly subject. to the incursion of external noise.. 
Consequently, a problem exists whereby operating 
error is caused in , electronic, products using , ejec- 
tronic circuits in not a few cases. . 

In particular, there are many cases of using 
switching regulators as DC power supplies for elec- 
tronic circuits. As a result of transient current pro- 
duced by such operations as switching, and by 
load fluctuations arising from switching operation of 
utilized digital ICs, large noise having many fre- 
quency components is often produced in the 
switching regulator power supply line. This noise is 
conveyed via the power supply Jine. or by radiation 
to other circuits in the same product, giving rise to 
such effects as operating error and impaired signal 
to noise ratio, and in some cases even causing 
operating error in other nearby electronic products. 

Various types of noise filters are presently be- 
ing used with respect to electronic circuits in order 
to remove noise having such properties, in particu- 
lar, since a great many electronic products of nu- 
merous types have come into use in recent years, 
the restrictions in regard to noise have grown ever 
more strict, and development of an LC element 
having functions as a compact high performance 
noise filter capable of reliably removing such noise 
is desired. 

One example of this type of LC element is an 
LC noise filter disclosed in Japanese Patent Ap- 
plication Laid-open No. 3-259608. In the case of 
this LC noise filter, the L (inductance) and C (ca- 
pacitance) components exist as distributed con- 
stants, and compared to an lumped constant type 
LC filter, favorable attenuation response can be 
obtained over a relatively wide band. 

However, since this LC filter is manufactured 
by forming conductors of given shapes on both 
surfaces of an insulation sheet and by folding over 



this insulator sheet, manufacturing- process of this 
LC filter has added complexity associated 'with the 
folding and other processes. 

Also, wiring is required when directly inserting ' 
,5 this LC filter into power supply or signal line of an 
IC or LSI, thus necessitating time and labor for 
installing the components. 

In addition, since this LC filter is formed as a 
discrete component, inclusion in an IC of LSI cir- 
w cuit, i.e., insertion into this internat wiring of an IC, 
. LSI or. other device is nearly impossible. 

Furthermore, in the case of this LC noise filter, 
since a capacitor formed in the manner of a distrib- 
... uted constant is determined by the respective 
75 i/shape and arrangement of the conductors, after 
. completion of the product, the capacitance is fixed. 
Consequently, the problem arises whereby the 
overall characteristics are also fixed and use for 
general purpose applications is restricted. For ex- 
20 ' ample, in order to ch'ange the capacitance, the 
, shape of the conductor forming the capacitor must 
: ' be-changed. Therefore, freely changing the capaci- 
. tance according to requirements after incorporation 
into a particular circuit is difficult. 

SUMMARY OF THE INVENTION 

Considering the above mentioned points, -objects of 
' the present invention are to provide ah LC elemeht, 

30 and a semiconductor device which enable simpli- 
fied manufacturing, eliminate the parts assembly 
operations in subsequent processing, and which 
can be formed as a part of an IC or LSI device, and 
to provide a method of manufacturing the LC ele- 

35 ment. 

Another object of the present invention is to 
provide an LC element, and semiconductor device 
which allow characteristics to be freely changed by 
changing the distributed constant type capacitance 
40 according to requirements, and a method of manu- 
facturing the LC element. 

In order to resolve the above mentioned prob- 
lems, an LC element according to this Invention 
comprises: 

45 an inductor electrode having a predetermined 

shape formed on the surface of a semiconductor 

substrate, and 

a pn junction layer having a predetermined 

shape formed at a position along the inductor elec- 
50 trode in a portion of the semiconductor substrate, ^ 

wherein 

■ the pn junction layer comprises a first region 
comprising a p region or an n region and a second 
region comprising an inverted region with respect 
55 to the first region, and functions as a capacitor 
when used in the reverse bias state, 

the first region being connected to the inductor 
electrode. 
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the inductor electrode and the second region 
respectively connprtse inductors, 

a distributed constant type capacitor is formed 
by the pn junction layer in correspondence to these 
inductors, and ■ , 

at least one of the inductor electrode and the 
second region is used as a signal transmission line. 

In the case of this LC element, the pn junction 
layer and the electrode formed on the surface 
thereof have predetermined shapes. The electrode 
and second region of the pn junction layer respec- 
tively function as inductors. The pn junction layer 
having a predetermined shape used in the reverse 
bias state is located between these inductors. A 
distributed constant type capacitor is formed by 
this pn junction layer between the inductor elec- 
trode and the second region of the pn junction 
layer. , . - 

Consequently, a signal input to at le.ast one of 
the inductor electrode or the second region, of the 
pn junction layer is transmitted yia the distributed 
constant type inductors and capacitor; As a .result, 
excellent attenuation characteristics can be ob- 
tained over a wide band. . 

Since this LC element can be manufactured by 
forming the pn junction layer on a semiconductor 
substrate, and then forming the inductor electrode 
on the surface of the pn junction -layer, manufactur- 
ing is extremely easy. Also, the LC element can be 
formed as a portion of an IG or LSI device, in which 
case assembly work in subsequent processing can 
be abbreviated. 

Another LC element according to this invention 
comprises an inductor electrode having any one of 
the shapes spiral, meander, wave, curved line, or 
straight line. 

In the case of this LC element, although the 
inductor electrode functioning as an inductor and 
the electrode formed by the pn junction layer are 
specified as having any one of the shapes spiral, 
meander, wave, curved line, or straight line, the 
operation and effects are the same as the above 
mentioned LC element Although parameters other 
than these differences in shape are the same, 
since the inductance and capacitance of the elec- 
trode and second region differ according to the 
shape, the LC element characteristics also differ 
according to the shape. But in these cases as well, 
the electrodes and second regions of each shape 
respectively function as inductors, while the pn 
junction layer between them forms a distributed 
constant type capacitor, thereby functioning as an 
LC element having excellent attenuation character- 
istics over a wide band. 

Another aspect of this invention relates to any 
one of the above mentioned LC elements wherein 
at least the second region of the pn junction layer 
is formed longer or shorter than the inductor elec- 



' trode, thereby providing partial correspondence be- 
• . ; tvveen the inductor electrode and the second region 
. . of the pn junction layer. 

J ' In the case of this LC element, at least the 
5 second region of the pn junction layer is formed 
. longer or shorter than the inductor electrode. In this 
case as well, the differing length inductor electrode 
and second region of the pn junction layer respec- 
*; 'tively function as inductors, while between these, a 
TO ^ distributed constant type capacitor is formed by the 
pn junction layer. Consequently, this LC element 
has excel lent attenuation characteristics over a 
wide band, while manufacturing is easy and forma- 
tion as a portion of a substrate is enabled. 
15 Another aspect of this invention relates to any 

: one of the above mentioned LC elements wherein 
• . the inductor electrode or at least the second region 
of the pn junction layer is divided into a plurality 
and :each of the divided segments is electrically 
20 connected respectively. ^ - 

This LC element is used with either the- induc- 
tor electrode or the pn junction layer divided into a 
plurality and one portion of the divided segments 
electrically connected. In this case; by using the 
25 undivided side as the signal transmission -line, a 
' ■ distributed constant type LC element 'can be com- 
prised having different characteristics from the LC 
elements mentioned above. In particular, since 
each divided segment inductance is snnall. an LC 
30 element can be obtained wherein the influence of 
the divided segment inductances is small. 

Another aspect of this invention relates to any 
one of the above ■ mentioned LC elements and 
further comprises: ... 
35 first and second input/outpiut electrodes re- 

spectively provided near the respective ends of 
either the inductor electrode or the second region 
of the pn junction layer, and . 

a ground electrode provided near one end of 
40 the other one of the inductor electrode and the 
second region of the pn junction layer. 

When an input signal is applied to either the 
first input/output electrode or the second, in- 
put/output electrode, an output signal is obtairied 
45 from the other of these, while the ground electrode 
is connected to a fixed potential power supply or 
grounded. 

In the case of this LC element, first and second 
input/output electrodes are respectively provided 

50 near the respective ends of either the inductor 
electrode or the second region of the pn junction 
layer, while a ground electrode is provided near 
one end of the other one of these. Either the 
inductor electrode or the second region of the pn 

55 junction layer, provided with the first and second 
input/output electrodes, is used as the signal trans- 
mission line, so that a three-terminal type LC ele- 
ment can be easily comprised, 
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Another aspect of this Invention relates to any 
one of the above mentioned LC. elennents and 
further comprises: 

first and second input/output electrodes re- 
spectively provided riear the. respective ends of - s 
either the inductor electrode or the second region 
of the pn junction layer,, and - - . 

third and fourth input/output electrodes respec- 
tively provided near the respective ends of the 
other one of the inductor electrode=and the second 
region of the pn junction layer, wherein: 

the inductor electrode and the second region 
of the pn junction layer are respectively used as 
signal transmission lines to enable use as.axom-^ 
mon mode type element. 

In the case of this LC element, by also provid- 
■ ing third and fourth , input/output electrodes at the 
respective ends of the other one of the inductor 
electrode and the , second region of the pn junction 
layer, a four-termjnal common mode type LC ele- 
ment can be easily comprised. 

Another aspect of this invention relates to any 
one of the above mentioned LC elements wherein: 

by changing reverse bias voltage applied to 
the pn junction layer, the capacitance of the pn 
junction layer is changed. 

In the case of this LC element, the reverse bias 
voltage applied to the pn junction layer can be 
variably set. As a result, the pn junction layer 
capacitance can be changed and the attenuation 
characteristics, i.e., frequency response, can be 
variably controlled according to requirements. 

Another aspect of this invention relates to any 
one of the above mentioned LC elements and 
further comprises: 

a buffer connected to the output side of the 
signal transmission line. 

In the case of this LC element, a buffer is 
connected for amplifying the output signal via the 
signal transmission line, thereby enabling such 
functions as signal amplification, output impedance 
adjustment, and preventing influence from subse- 
quent stage circuits. 

According to another aspect of this invention, 
any one of the above mentioned LC elements is 
formed on a semiconductor substrate further com- 
prising terminals by 

forming an insulation layer on the entire sur- 
face of this semiconductor substrate; 

opening perforations in portions of this insula- 
tion layer by etching or laser light emission; and 
then 

closing the perforations by solder applied to 
the extent of protruding slightly from the surface. 

As a result, a surface mounting type LC ele- 
ment can be easily manufactured, in which case 
work for installing this LC element can be easily 
performed. 



A semiconductor device according to this in- 
vention comprises any one of the above mentioned 
LC elements formed as a portion of a semiconduc- 
tor substrate, wherein: - ' 

at least one of the inductor electrode or second 
region of the pn junction layer is inserted into the 
signal line or power supply line. 

In the case of this senriiconductor device, any 
•one of the above mentioned LC elements is formed 
10 in a portion of the 'substrate and inserted into' the 
signal line or power supply line of the semiconduc- 
= tor device. As a result, the LC element can be 
'. manufactured in unitized manner with other compo- 
- -hents on the semiconductor substrate, in which 
15 case, manufactui-ing is easy and parts assembly 
work in subsequent processihg is unnecessary. 

Another aspect of this invention relates to any 
one of the above mention LC elements and semi- 
■ conductor device wherein: 
'20 the inductor electrode is omitted and this func- 

" tion is performed by the" first Vegioh of the pn 
junction layer. In this case, the^first and second 
regions of the pn junction layer respectively func- 
tion as inductors, while a distributed constant type 
25 capacitor is formed between these by the pn junc- 
tion layer. 

Consequently, in the same manner as the 
above mentioned LC elements, such advantages as 
excellent attenuation characteristics and ease of 
30 manufacture can be obtained. In addition, since the 
inductor electrode is not formed on the semicon- 
ductor surface, this electrode forming process is 
unnecessary. Manufacturing ease is further in- 
creased, while the vacated semiconductor surface 
35 ' area can be effectively utilized for other purposes. 

An LC element manufacturing method accord- 
ing to this invention comprises the steps of: 

a first process whereby a pn junction layer 
having a predetermined shape and comprising a 
40 first region and a second region inverted with re- 
spect thereto is formed on a semiconductor sub- 
strate: 

a second process whereby an inductor elec- 
trode electrically connected over the entire length 
45 of the first region is formed on the surface of the 
pn junction layer; and 

a third process whereby a wiring layer is 
formed respectively connected to both ends or one 
end of the inductor electrode and the second re- 
50 gion of the pn junction layer. 

Another LC element manufacturing method ac- 
cording to this invention comprises the steps of: 

a first process whereby a pn junction layer 
having a predetermined shape and comprising a 
55 first region and a second region inverted with re- 
spect thereto is formed on a semiconductor sub- 
strate; and 

a second process whereby an inductor elec- 



<EP 0e6lB05Al_l_> 



EP 0 661 805 A1 



trode electrically connected over the entire length 
of the first region is formed on the surface of the 
pn junction layer. 

These LC elennent nnanufacturing nnethods uti- - - 
lize semiconductor manufacturing technology for v5 
manufacturing any one of the above mentioned LC » 
elements. In other words, a pn junction, layer hav- . 
ing a predetermined shape is first formed, or a pn 
junction layer having a predetermined shape is first 
formed together with an inductor electrode, then a ■. io ^ 
wiring layer connected thereto is formed to com- 
plete the LC element. 

In this manner, the LC element can, be manu- 
factured by using ordinary semiconductor manufac- 
turing technology, thereby enabling down-sizing 75. 
and cost reduction, as well as simultaneous mass 
production of a plurality of individual LC elements. 
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Big. 1 is a plan view of. an LC element in 
accordance with a first embodiment of , this in- 
vention; ./ ; 
Fig. 2 is an enlarged cross-sectional view view- 
ed along line A - A in fig. 1 ; ' , . 25 
Figs. 3A. 3B and 3C are schematic diagrams 
indicating equivalent circuits of LC elements in 
accordance with the first embodiment; 
Figs. 4A - 4D indicate an example of a manufac- 
turing process for an LC element in accordance 30 
with the first embodiment; 
Fig. 5 indicates an example of a variation of an 
LC element in accordance with the first embodi- 
ment; 

Fig. 6 is a plan view of an LC element In 35 
accordance with a second embodiment of this 
invention; 

Fig. 7 indicates the principle of an inductor 
formed by a meander shaped electrode; 
Fig, 8 indicates an example of a variation of an 40 
LC element in accordance with the second em- 
bodiment; 

Fig. 9 is a plan view of an LC element in 
accordance with a third embodiment of this in- 
vention; 45 
Figs. 10A, 10B and 10C are schematic diagrams 
indicating equivalent circuits of LC elements in 
accordance with the third embodiment; 
Fig. 11 indicates an example of a variation of an 
LC element in accordance with the third em- 50 
bodiment; 

Fig. 12 indicates an example of another variation 
of an LC element in accordance with the third 
embodiment; 

Fig. 13 indicates an example of another variation 55 
of an LC element in accordance with the third 
embodiment; 



Fig. 14 is a plan view of an LC element in 
. accordance with a fourth' embodiment of this 
: invention; 

Fig. 1 5 indicates an example of a variation of an 
LC element in accordance, with the fourth em- 
bodiment; 

. Fig. 16 indicates an example of another variation 
of an LC element in accordance with the fourth 
embodiment; ■ 
Fig. 17 indicates an example of another variation 
of an LC element in accordance with the fourth 

• embodiment; • . 

Fig. 18 is a plan view of an LC element in 
accordance with a fifth embodiment of this in- 
- venticn; 

' pgs. 19A, 19B-and 19C are schenhatic diagrams 
indicating equivalent circuits of LC elements iri 
accordance ^ith the fifth embodiment; 
Fig. 20 indicates an example of a variation of an 
LC element in accordance with the fifth embodi- 
ment; •->,.■: 
Fig, 21 is a plan view of an LC "element in 
accordance with a sixth embodiment of this in- 
vention; 

Fig. 22 indicates an example of a variation of* an 
LC element in accordance with the sixth em- 
bodiment; 

Fig. 23 is a plan view of an LC element iri 
accordance with a seventh embodiment of this 
invention; 

Figs. 24A, 248 and 24C are schematic diagrams . 
indicating equivalent circuits of LC elements in 
accordance with the seventh embodiment; 
Fig. 25 indicates an example of a variation of an 
LC element in accordance with the seventh em- 
bodiment; 

Fig. 26 indicates an example of another variation 
of an LC element in accordance with the sev- - 
enth embodiment; 

Fig. 27 is a plan view of an LC element in 
accordance with a eighth embodiment of this 
invention: . ' 

Fig. 28 indicates an example of a variation of an 
LC element in accordance with the eighth em- 
bodiment; 

Fig. 29 indicates an example of another variation 
of an LC element in accordance with the eighth 
embodiment; 

Figs. 30A and 308 are a plan views of LC 
elements in accordance with a ninth embodi- 
ment of this invention; 

Figs. 31 A and 318 are a plan views of LC 
elements in accordance with a ninth embodi- 
ment of this invention; 

Fig. 32 indicates an example of a variation of an 
LC element in accordance with the ninth em- 
bodiment; 
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Fig. 33 indicates an exannple of .another variation 

of an LC element in accordance with the ninth 

embodiment; , - • , 

Fig. 34 indicates an example of another variation 

of an LC element in accordance with the ninth 

embodiment; 

Fig. 35 indicates an example of a variation of the 
input/output electrode positions; 
Fig. 36 indicates an example of a variation of the 
input/output electrode positions; ^ , ^ . 

Figs. 37 and 38 are abbreviated views of provid- 
ing terminals by chemical liquid phase deposi- 
tion; . , - -y 
Fig. 39 is an explanatory drawing of forming an 
LC element of each embodiment as a portion of 
an LSI or other device; 

Figs. 40A - 40E are schematic diagrams show- 
ing examples of buffer circuit connection to the 
output side, of the LC element of each embodi-: 
ment; 

Fig. 41 Is a vcross-sectional view showing, con- 
struction when ari insulation layer is formed be- 
tween the pn junction layer and the electrode; 
Fig. 42 is a cross-sectionaL view, showing con- 
struction when-the, electrode is embedded; 
Fig. 43 is a partial cross-sectional view of an LC 
element having npn construction; and 
Fig. 44 is a schematic diagram indicating an 
example of circuit construction when the applied 
reverse bias voltage polarity is inverted. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS - , 

Following is a description of the preferred embodi^ 
ments of the LC elenients in accordance with this 
invention with reference to the attached drawings. 

FIRST EMBODIMENT 

Fig. 1 is a plan view of an LC element in accor- 
dance with a first embodiment of this invention. 
Fig. 2 is an enlarged cross-sectional view viewed 
along line A - A in Fig. 1 

As indicated in the figures, the LC element 100 
of this embodiment comprises a spiral shaped n+ 
region 22 formed near the surface of a p type 
silicon (p-Si) substrate 24 and a p"^ region 20 
further formed in a portion of the n"^ region 22. The 
n+ region 22 and p+ region 20 form a pn junction 
layer 26. 

Also the n+ region 22 and p+ region 20 are 
respectively provided with higher impurity than the 
p-Si substrate 24. By applying reverse bias voltage 
between the p-Si substrate 24 and n+ region 22, 
the p-Si substrate 24 functions as an isolation re- 
gion. In practice, the reverse bias voltage can be 
applied by setting the potential of the p-Si sub- 



'i strate 24 to be the same as that of the ground 
J' electrode 18 (described below). 

^ The LC element 100 of this embodiment fur- 
ither comprises a spiral-shaped inductor electrode 
5 10 formed at a position along the p+ region 20 dn 
the p+ region 20 surface. A ground electrode 18 is 
connected to one end (for example, the outer end) 
of the inductor electrode 10. Two input/output elec- 
^ trodes 14 and 16 are respectively connected to the 
^ 10'' respective ends of the n+ region 22 abovemen- 
tioned. ,/ ' 

As indicated'in Fig. 1, the ground electrode 18 
attachment to the inductor electrode 10 is per- ^ 
• formed outside the active region so as not to 

- 75 . damage the thin p+ region 20. Also, insulation is 
• ' needed when connecting the inductor electrode 10 

- and ground electrode 18 (and other electrodes as 

- well) in order to prevent contact between the 
ground electrode 18 and the region 22 or p-Si 

20 ' substrate 24. Therefore, ah oxide film or other 
insulation layer is forrned beforehand in portions 

- where insulation is required. 

j When the LC element 100 has this type of 
construction, the spiral shaped inductor electrode 

25 10 and the n+ region 22 respectively function as 
inductors. Also, wheri the pn junction layer 26 of 
which p^ region 20 electricaily connected to the* 
inductor electrode 10 is used in the reverse bias 
state, the function of" a spiral shaped capacitor is 

30 obtained. Consequently, the LC element 100 com- 
prises distributed constant type inductors formed 
by the inductor electrode 10 and n+ region 22, and 
a capacitor formed by the pn junction layer 26. 
Figs. 3A, 3B and 3C indicate equivalent circuits 

35 of the LC element 100. As indicated in Fig. 3A, the 
n"** region 22 of the pn junction layer 26 functions 
as an inductor having inductance LI . A signal 
input to one input/output electrode 14 is transmitted 
via the n+ region 22 and output from the other 

40 input/output electrode 16. Also, the inductor elec- 
' trode 10 functions as an inductor having inductance 
L2 with the ground electrode 18 connected to one 
end thereof grounded or connected to a fixed po- 
tential E power supply. 

4S Since this type of connection mode applies 
reverse bias to the pn junction layer 26 comprising 
n"^ 22 and p**" 20 regions, when the voltage level of 
a signal input to the input/output electrode 14 is set 
higher than the voltage level of the ground elec- 

50 trode 18 (0 V or fixed potential E), the pn junction 
layer 26 functions as a capacitor having capaci- 
tance C. Also, this capacitor is formed as a distrib- 
uted constant over the entire length of the inductor 
electrode 10 and thus, superb attenuation char- 

55 acteristics can be obtained that were unavailable 
with conventional lumped constant type LC ele- 
ments. 
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Fig. 3B shows an example of forcibly applying • 
reverse bias to tiie pn junction layer 26 and there- 
by ensuring the pn junction layer 26 operation as a 
capacitor. In practice, a bias power supply 28 is 
connected for applying a predetermined reverse ^ 5 
bias voltage between the input/output electrode 14 - 
and ground electrode 18, while a capacitor 30 is — 
connected to the input/output electrode 14:Side for . >: 
removing only the DC component from the input 
signal . By providing this type of circuit, a fixed io 
reverse bias voltage can be continuously applied 
with respect to the pn junction layer 26, while a 
signal overlapped on this reverse bias can be reli- 
ably input to the LC element 100, 

Since reverse bias voltage is applied to the is. 
signal output from the input/output electrode 16, 
Inserting an additional capacitor 32 Is recommend- - 
ed for removing this reverse bias voltage. 

In place of the abovementipned bias power . 
supply 28, a variable bias power supply can be - 20 
connected as indicated in Fig. 3C to enable chang- 
ing the reverse bias voltage level as required. In . 
general, since the depletion layer width produced 
in the pn junction plane varies according to the size 
of the reverse bias voltage applied to the pn junc- 25 
tlon layer 26. the capacitance C also varies accord- 
ingly. Consequently, by varying the reverse bias 
voltage applied to the pn junction iayer 26 via the 
input/output electrode 14 and ground, electrode 18, 
the distributed constant type capacitance C Is 30 
changed, thereby allowing the overall attenuation 
characteristics of the LC element 100 to be ad- 
justed or changed. 

Figs. 4A - 4D are cross-sectional views viewed 
along line B - B in Fig. 1 showing the state at each 35 
stage of a manufacturing process for the LC ele- 
ment 100. 



' 1) Epitaxial layer growth; 

After removing oxide film from the surface of a p-SI 
substrate 24 (wafer), an n+ type epitaxial layer 25 is - 
grown on the p-Si substrate 24 (Fig. 4A). 

2) Isolation region formation: 



40 



45 



Except for the areas of the n"^ region 22 and p+ 
region 20 Indicated In Fig. 1, p type impurities are 
injected by diffusion or Ion implantation for forming 
an isolation region. 50 

In practice, an oxidation film 70 is formed on 
the surface of the epitaxial layer 25 by thermal 
oxidation. The oxidation film 70 is removed from 
the position for forming the p region by photo- 
lithography. The p region Is then selectively formed 55 
by selectively adding p type impurities by thermal 
diffusion or ion injection. The p region formed in 
this manner comprises an Isolation region in a 



portion of the p-Si substrate 24 (Fig.' 48). 

As a result of forming the- isolation layer in this 
manner, the spiral shaped n^ region 22 is formed 
by. the remaining epitaxial layer 25. 

, 3) pn junction iayer formation: 

A spiral shaped p-^ region 20 is formed in a portion 
.of the spiral shaped n"*- region 22 by introducing p 
type impurities by thermal diffusion or ion injection. 

In practice, an oxidation film- 72 is formed- by 
thermal oxidation on the surface of the p-Si sub- 
strate 24 which includes the n+ region 22. The 
oxidation film 72 is removed from the position for 
forming the p+ region: 20 by photo-lithography, the ' 
/pt region 20 is then selectively formed by selec- 
.tlvely adding p type Impurities by thermal diffusion 
or ion injection. 

Since this p*^ region 20 needs to be formed in 
jthe previously formed n"*" region 22, the p"^ region 
,20 is formed by. adding p type impurities In an 
amount exceeding the already introduced n type 
impurities (Fig. 4C). . : • . i . 

In this manner the spiral shaped pn junction ■ 
layer 26 is formed comprising the n*^ region 22 and 
p"*" region 20. - - 

4) Inductor electrode formation: ^ " 

An oxidation film 74 is formed in the surface by 
thermal oxidation. A spiral shaped channel is 
opened in the p"^ region 20 surface by photo- 
lithography, then the inductor electrode 10 is' 
formed (for example, by aluminum vapor deposi- 
tion) In the spiral shaped channel portion (Fig. 4D). 
Afterwards, the ground electrode 18 is formed near 
one end of the inductor electrode 10, and two 
input/output electrodes 14, 16 are formed near the 
respective ends of the n+ region 22 by vapor' 
deposition of aluminum or other material. 

Finally, P-glass is applied to the entire surface 
and heated to provide a flat surface, thereby com- 
pleting the LC element 100. 

The LC element 100 manufacturing process 
basically resembles that of an ordinary bipolar tran- 
sistor or diode and differs only in such aspects as 
shape and/or dimensions of the pn junction layer 
26 and intervening isolation region. Consequently, 
the ordinary bipolar transistor manufacturing pro- 
cess can be used by changing the form of the 
photomask, while manufacturing is easy and suit- 
able for down-sizing. The LC element 100 can also 
be formed on the same substrate with an ordinary 
semiconductor components such as bipolar transis- 
tors or MOSFETs, and can be formed as a portion 
of an IC or LSI device. Also, when formed as a 
portion of an IC or LSI device, assembly work in 
subsequent processing can be abbreviated. 
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The above manufacturing process description - , ^ ^ 
referred to an example of first forming an n"*" region . . 
on the entire surface by epitaxial growth,., then 
perfornning Isolation.. However, an example of an 
alternative process can comprise: . ; 5 

first, form an oxidation film on the p-Si sub- 
strate 24, then open a.yyindow corresponding to the * 
spiral shaped n"^ region 22 by photo-lithography; 

form the n'*' region -22 in this portion by in- . 
troducing n type impurities by thermal, diffusion or . 10 
ion injection, _ . , ^ 

then directly form the p+ region 20 by the 
same method as in the above manufacturing pro- -r . 
cess description. Also, ordinary semiconductor ^ * ■ 
nnanufacturing technology can be used asra meth- • -ns.c 
od for forming the pn junction layer. , 

In this manner, the inductor electrode 1Q, and - 
n"^ region 22 of the pn junction layer 26 respec- ... 
tively form inductors, while a capacitor function : is r 
obtained by using the spiral shaped pn junction r. .20 
layer 26 formed along the inductor electrode 10 
with reverse bias. Also, since the. pn junction layer 
26 is formed over the entire length of the: inductor ■ 
electrode 10, the .inductors formed by the n+ region 
22 and the inductor electrode 10 cespectively have 25 - 
inductances L1 and L2. while the distributed con- 
stant type capacitor formed by ! the pn junction 
layer 26 has capacitance C. 

Consequently, by grounding or connecting the 
ground electrode 18 provided at one end of the .30 
inductor electrode 10 to a fixed potential and using 
the n+ region 22 of . the pn junction layer 26 as the 
signal input/output line, an LC element is com- 
prised having excellent attenuation characteristics: 
over a wide band with respect to the input signal. 35 

Since the above described LC element 100 can 
be manufactured , using ordinary bipolar transistor 
type manufacturing technology, manufacturing is 
easy and applicable to such objectives as down- 
sizing. Also, when the LC element is manufactured -40 
as a portion of a semiconductor substrate, wiring 
can be performed simultaneously with other com- 
ponents and work such as assembly can be abbre- 
viated in subsequent processing. 

Also, by changing the reverse bias voltage 45 
applied to the pn junction layer 26, the capacitance 
C of the distributed constant type capacitor can be 
variably controlled, and the overall frequency re- 
sponse of the LC element 100 can be adjusted or 
changed. so 

The above description referred to an example 
of using the spiral shaped n^- region 22 as the 
signal transmission line. However, by providing the 
ground electrode 18 at one end of the n+ region 
22. and providing input/output electrodes 14 and 16 55 
at the respective ends of the inductor electrode 10. 
the inductor electrode 10 side can be used as the 
signal transmission line. In general i since the 



- comparative resistance :pf the n^ region 22 is high- 
er.than the inductor electrode I0,'by changing the 
signal transmission line, an LC element having dif- 
ferent attenuation characteristics, i.e., frequency re- 
sponse, can be comprised. : . . 

Also, the above description referred to an ex- 
ample of using the inductor electrode 10 as one 
inductor and. the n+ region 22 of the pn junction 
layer 26 as another inductor. However, the inductor 
electrode 10 can be deleted and the p+ region 20 
of the pn junction layer 26 used as one inductor. In 
other words, in this case, while the pri^ junction 
layer 26 functions as a capacitor, both the p+ 
region 20 and n+ region 22 comprising the pn 
junction layer 26' can be used as inductors. 

. Fig. 5 indicates an example of a variation of the 
; LC element according to this embodiment wherein 
.an .inductor electrode is not used. As indicated in 
theifigure. the ground electrode 18 is provided at 
one* end of the p"^ ' region 20 comprising the pn 
■junction layer 26, while two input/output electrodes 
■~ 14 and 16 are provided 'at the- respective ends of 
the n+ region 22. In this case, both' the p"^ region 
20. and n"^ region 22 comprising the pn junction 
layer 26 function as inductors, while the pn junction 
layer 26 formed by these functions as a'distributed 
constant type capacitor. In the same manner as the 
LC element 100 indicated in Fig.'l, such advan- 
tages as excellent attenuation characteristics and 
ease of manufacture are obtained. Also, when man- 
ufacturing this LC elernent, the inductor electrode 
10 forming process indicated in Fig. 4D can be 
omitted. 

Also, in the case of the LC element shown in 
Fig. 5. the connection relationships of the two in- 
put/output electrodes 14 and 16, and the ground 
electrode IB can be interchanged, and the p"^ re- 
gion 20 used as the signal transmission line. 

SECOND EMBODIMENT' 

An LC element according to a second embodiment 
of this invention is fundamentally the sanne as the 
first embodiment and differs mainly by having non- 
spiral shapes for the inductor electrode 1 0 and pn 
junction layer 26. In the drawings, the same des- 
ignations are used for items that correspond to 
those of the first embodiment. 

Rg. 6 is a plan view of an LC element accord- 
ing to the second embodiment. Fig. 2 is an en- 
larged cross-sectional view viewed along line A - A 
in Fig. 6, 

As indicated in the figures, the LC elennent 200 
of this embodiment comprises a meander shaped 
n"^ region 22 formed near the surface of a p type 
silicon (p-Si) substrate 24 and a meander shaped 
p"*" region 20 further formed in a portion of the n"^ 
region 22. The n+ region 22 and p"*" region 20 form 
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a pn junction layer 26. Also the n+ region 22 and - 
p+ region 20 are respectively provided with higher 
impurities than the p-Si substrate 24. By applying 
reverse bias voltage between the p-Si substrate 24 
and n"^ region 22, the p-Si substrate 24 functions . .5 . 
as an isolation, region. In practice, setting the po- 
tential of the p-Si substrate 24 to be the sanne as 
that of the ground electrode 18 (described below) 
is equivalent to applying reverse bias voltage. 

The LC element 100 of this ennbodinnent fur- io 
ther comprises a meander shaped inductor elec- 
trode 10 is formed on a position along the p"^ 
region 20 on the p"*" region 20 surface. A ground 
electrode 18 is connected to one end (for example, 
the outer end) of the inductor electrode 10. Two 75 
input/output electrodes 14 and 16 are respectively., 
connected to the respective ends of the n^ region 
22. . . 

As indicated in Fig. 6, the ground electrode 18 
attachment to the inductor, electrode JO • is per- • 20 -. 
formed outside the active region so, as -not to 
damage the thin p+ region 20. Also, insulation is . - 
needed when connecting the. inductor electrode 10 ^ 
and ground electrode 18 (and other electrodes as 
well) in order to prevent contact between the - 25 
ground electrode 18, and the n+ region 22 or p-Si 
substrate 24. Therefore, an oxide film .or- other 
insulation layer is formed beforehand in portions 
where insulation is required. 

When the LC element 200 has , this . type of 30 
construction, the meander shaped inductor elec- 
trode 10 and the n"*" region 22 respectively function 
as inductors. Also, when the pn junction layer 26 of 
which p+ region 20 electrically connected to the 
inductor electrode 10 . is used in the reverse bias 35 
state, the function of a meander shaped capacitor 
is obtained. Consequently, the distributed constant 
type LC element 200 is formed comprising induc- 
tors formed by the inductor electrode 10 and n+ 
region 22. and a capacitor formed by the pn junc- 40 
tion layer 26. 

Fig. 7 indicates the principle of an inductor 
formed by a meander shaped electrode. When 
current flows in a single direction in a meander 
shaped electrode 10 having concave and convex 45 
bends, magnetic flux is alternately produced so as 
to reverse the direction in adjacent concave and 
convex bends (for example, perpendicularly up- 
ward from the figure near the locations indicated by 
circled dots in Fig. 7, and perpendicularly down- 50 
ward near the locations indicated by circled Xs), 
thereby resembling the state when 1/2 turn coils 
are connected in series. Consequently, an element 
having a meander shape such as indicated in Fig. 
7 can be made to function as an inductor having an 55 
overall predetermined inductance. 

Equivalent circuits of the LC element 200 are 
the same as those of the LC element 100 shown in 



' Figs. 3A, 3B and 3C and their operations are also 
* the same as described for.the first embodiment.' 

Manufacture of the LC element 200 is also the 
same as described for the LC element 100 of the 

' first embodiment. 

The LC element . 200 manufacturing process 

. also basically resembles that of an ordinary bipolar 
transistor or diode and differs only in such aspects 
as shape and/or dimensions of the pn- junction 
layer 26 and intervening isolation region. Conse- 
quently, the ordinary bipolar transistor manufactur- 
ing process can be used by. changing the form of 
the photomask, while manufacturing is easy and 
suitable for dov/n-sizing. The LC element' 200 can 
.also be: formed on- the same substrate *with an 
ordinary semiconductor components such as bi- 
polar transistors or MOSFETs, and can be formed 
as a portion of an IC or LSI device. Also, when 

: formed as a portion of an IC or LSI device, a^sem-- 
bly.work in subsequent processing can be abbre- 
viated. ^ ' : . - 

i In this manner, the inductor electrode 10 ahd 
n"*": region 22 of the pn junction layer 26 respec- 
tively form inductors, while a capacitor^ function is 
obtained by using the meander shaped pn junction 
layer 26 formed along the inductor electrode 10 
with reverse bias. Also, since the pn junction layer 
26 is formed over the entire length of the inductor 
electrode 10, the inductors formed by the n"^ region 
22 and the inductor electrode 10 respectively have 
inductances LI and L2. while the distributed con- 
stant type capacitor formed by -the pn junction 
layer 26 has capacitance C; ' ^ ^ 

Consequently, by /grounding or connecting the 
ground electrode 18 provided at one end of the 
inductor electrode 10 to a fixed potential and using 
the n+ region 22 of the pn junction layer 26 as the 
signal input/output line, an LC element is com- 
prised having excellent attenuation characteristics 
over a wide band with respect to the input signal. 

Since the above described LC element 200 can 
be manufactured using ordinary bipolar transistor 
type manufacturing technology, manufacturing is 
easy and applicable to such objectives as down- 
sizing. Also, when the LC element is manufactured 
as a portion of a semiconductor substrate, wiring 
can be performed simultaneously with other com- 
ponents and work such as assembly can be abbre- 
viated in subsequent processing. 

Also, by changing the reverse bias voltage 
applied to the pn junction layer 26, the capacitance 
C of the distributed constant type capacitor can be 
variably controlled, and the overall frequency re- 
sponse of the LC element 200 can be adjusted or 
changed. 

The above description referred to an example 
of using the meander shaped n"^ region 22 as the 
signal transmission line. However, by providing the 
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ground electrode 18 at one end of the n'[ region 
22, and providirig input/output. electrodes 14 and 16^ 
at the respective ends of the inductor electrode 10, 
the inductor electrode 10 can be used as the signal 
transnnisslon line. In general, since the comparative 
resistance of the n"*; region 22 is higher than the 
inductor electrode 10, by changing the signal. trans- 
mission line, an LC elernent having different attenu- 
ation characteristics, J.e., frequency response, can 
be comprised. ,j , , 

Also, the above description referred .to an . ex- 
ample of using the inductor electrode 10 .as one.^ 
Inductor and the n-*" region 22 of the pn junction 
layer 26 as another inductor. However, the inductor 
electrode 10 can be deleted and the p+ region 20 
of the pn junction layer 26 used as one inductor. In; 
other words, in this case, while the pn junction, 
layer 26 functions as a capacitor, both the p+ 
region 20 and n+. region 22 comprising the pn 
junction layer 26 can tie used as inductors. . r ..... 

Fig. 8 indicates, an exanriple of a variation of the 
LC element according to this embodiment wherein 
an inductor electrode is not used. As indicated in 
the figure, the ground electrode 18 is provided at : 
one end of the p'^jegion 20 comprising the pn 
junction layer 26, while two input/output electrodes 
14 and 16 are provided at. the respective ends of 
the n+ region 22. In this case, both the p+ region 
20 and n+ region 22 comprising the pn junction 
layer 26 function as inductors, while, the pn junction 
layer 26 formed by these functions as a distributed 
constant type capacitpr..,ln the. same manner as the 
LC element 200 indicated in Fig. 6, such advan- 
tages as excellent attenuation- characteristics and - 
ease of manufacture are obtained. Also, when man- . 
ufacturing this LC element, the inductor electrode 
10 fornning process can be omitted. 

Also, in the case of the LC element indicated in 
Fig. 8, the connection relationships of the two in- 
put/output electrodes 14 and 16. and the ground 
electrode 18 can be interchanged, and the pt re- 
gion 20 used as the signal transmission line. 

THIRD EMBODIMENT 

Following is a description of a third embodiment of 
this invention with reference to the attached draw- 
ings. 

In the case of the above mentioned LC element 
100 of the first embodiment, the pn junction layer 
26 is formed essentially over the entire length of 
the inductor electrode 10. According to the third 
embodiment, the inductor electrode 10 is formed 
approximately one turn shorter than shown in Fig. 
1. 

Fig. 9 is a plan view of the LC element 300 
according to the third embodiment. As indicated in 
the figure, even when the inductor electrode 10 is 



partially omitted, the- shortened inductor electrode 
: lO .and long n+ region 22 of the pn junction layer 
'. . 26 respectively comprise inductors, while the por- 
tion of the pn junction layer 26 opposing the -short- 
, 5 ened inductor electrode 10 comprises a distributed 
constant type capacitor. Therefore, in the same 
manner as the LC element -100 indicated in Fig. 1, 
excellent attenuation characteristics are obtained." 
Figs. 10A, 10B "and 10C show equivalent cir- 
• 70 Guits for the LC element 300. As indicated in Fig. 
' ; ' :10A, the inductance L3 is reduced by only the 
• ^ extent the inductor electrode 10 turn quantity is 
- reduced, while the corresponding distributed- con- 
stant type capacitance CI is also reduced. 
' /6 .As indicated in Figs. 10B and IOC, in the same 
. manner as each of the above mentioned embodi- 
- ments, by connecting a bias power supply 28 (or a 
' c variable bias power supply 34) between the in- 
put/output electrode 14 and ground electrode 18, 
and- connecting a capacitor 30] rev'ei-se bias of the 
pn junction layer 26 can be ensijred, while the 
characteristics can be changed by variably control- 
ling this reverse bias voltage. ' ■ 

In this manner, the inductors formed by the 
25 shortened inductor electrode 10 and the n+ region 
22 of the pn junction layer 26, and the capacitor 
formed by the pn junction layer 26 are formed as 
distributed constants to enable function as an ele- 
ment having excellent attenuation characteristics 
30 unobtainable with conventional lumped constant 
type elements. The LC element 300 also features 
the same advantages as each of the above de- 
scribed LC elements 100 and 200. including manu- 
facture by using semiconductor manufacturing • 
35 technology and capability of forming as a portion of 
an LSI or other device, in which case wiring and 
other work in subsequent processing can be abbre- 
viated. 

Compared to the LC element 100 indicated in 

40 Fig. 1. the inductor electrode 10 length is short- 
ened while retaining the shape of the pn junction 
layer 26. However, the portion of the pn junction 
layer 26 not in opposition to the inductor electrode 
10 is not absolutely necessary. Also, the connec- 

45 tions of the input/output electrodes 14 and 16. and 
the ground electrode 18 can be interchanged. 

Fig. 11 shows an example of a variation of the 
LC element 300 wherein the pn junction layer 26 
indicated in Fig. 9 is partially changed. The portion 

50 of the p-^ region 20 of the pn junction layer 26 not 
opposing the inductor electrode 10 is omitted, 
while the portion of the pn junction layer 26 not 
functioning as a capacitor comprises only the n+ 
region 22. This LC element is effectively the same 

55 as the LC element indicated in Fig. 9 and has the 
same characteristics and advantages. 

■ Rg. 12 shows another example of a variation of 
the LC element 300 wherein the pn junction layer 
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26 is formed shorter than the inductor electrode 10 
and the inductor electrode 10 is used as the. signal 
transmission line. In this case, since th^ inductor 
electrode 10 having a lower resistance than the n"*" 
region 22 is used as the signal transmission line, 
the resulting LC. element 300 has different char- 
acteristics from the LC element indicated in Fig. 9. 

Fig. 13 shows another example of a variation of 
the LC element 300 wherein the inductor electrode 
10 indicated in Fig. 9 is. not used. The spiral' 
shaped pn junction layer 26 comprises a p"^ region 
20 shorter in length than the n+ region 22. the 
input/output electrodes 14 and 16 are provided at 
the respective ends of the n"*" region 22, and the 
ground ejectrode 18 is provided at one end (for 
example, the outer side) of the p**^ region 20.. In this . 
case, both the differing length p"*" region 20 and n"*" 
region 22 function as inductors, while the pn junc- 
tion layer 26 formed by these functions as a dis- 
tributed constant type capacitor. The resulting LC 
element has the same advaritages . as the LC ele- 
ment 300 indicated in Fig. 9 such as the excellent , 
attenuation characteristics and ease of-manufac-- 
ture. . , . - 

FOURTH EMBODIMENT.. / 

An LC element according to a fourth embodiment 
of this invention is fundamentally the same, as . the 
third embodiment and differs mainly by having 
non-spiral shapes for the inductor electrode 10 and 
pn junction layer 26. In the drawings, the same 
designations are used for items that correspond to 
those of the third embodiment. 

In the case of the above mentioned LC element 
200 of the second embodiment, the pn junction 
layer 26 is formed essentially over the entire length 
of the inductor electrode 10. According, to the 
fourth embodiment, the inductor electrode 10 is 
formed shorter than the one shown in Fig. 6. 

Fig. 14 is a plan view of the LC element. 400 
according to the fourth embodiment. As indicated 
in the figure, even when the inductor electrode 10 
is partially omitted, the shortened inductor elec- 
trode 10 and long n+ region 22 of the pn junction 
layer 26 respectively comprise inductors, while the 
portion of the pn junction layer 26 opposing the 
shortened inductor electrode 10 comprises a dis- 
tributed constant type capacitor. Therefore, in the 
sanne manner as the LC element 200 indicated in 
Fig. 6, excellent attenuation characteristics are ob- 
tained. 

Equivalent circuits of the LC element 400 are 
the same as those of the third embodiment in- 
dicated in Figs. 10A, 10B and IOC, and their fea- 
tures are also the same as described above for the 
third embodiment. 



* ; . Also, by variably controlling the pn junction 
■. I layer 26 reverse bias voltage; the characteristics 
.^can be changed in 4he same manner as each of 
jthe above mentioned embodiments. = 
5 • ..In this manner, the inductors foi-nned by the 
shortened inductor electrode 10 and the n"^ region 
• 22 of the pn junction layer 26, and the capacitor 
^ formed by the pn junction layer 26 'are forrned as 
> . distributed constants, to enable function as an ele- 
10 . ment having excellent attenuation characteristics 
! unobtainable with conventional lumped constant 
■ type elements. The LC element 400 also features 
the same advantages as the above described LC 
elements, including manufacture by using semicon- 
75 ductor manufacturing technology and capability of 
■ forming as a portion of an LSI or other device, in 
which case wiring and other worl< in subsequent 
. processing can be abbreviated. 

Compared to the LC element 200 indicated in - 
. 20 Fig. 6. the inductor electrode 10 length is short- 
. ened while retaining the shape of the pn junction 
' . , layer 26. However, the portion of the pn junction 
layer 26 not in opposition to the inductor electrode 
i10 is not absolutely necessary. Also,- the' connec- 
ts, tions of the input/output electrodes 14 and 16, and 
I . the ground electrode 18 can be interchanged.' 

i Fig. 15 shows an example of a variation of the 
LC element 400 wherein the pn junction layer 26 
indicated in Fig. 14 is partially changed. The por- 
30 tion of the p+ region 20 of the pn junction layer 26 • 
not opposing the inductor electrode 10 is omitted, 
while the portion .of the pn junction layer 26 not- 
functioning as a capacitor comprisies only the n"*" 
region 22. This LC element is effectively the' same 
.35 as the LC element 400 indicated in Fig. 14 arid has • 
the same characteristics and advantages. 

Fig. 1 6 shows another example of a variation of 
the LC element 400 wherein the pn junction layer 
26 is formed shorter than the inductor electrode 10' 
40 and the inductor electrode 10 is used as the signal 
transmission line. In this case, since the inductor 
electrode 10 having a lower resistance than the' n'^' 
region 22 is used as the signal transmission line, 
the resulting LC element 400 has different char- 
45 acteristics from the LC element indicated in Fig. 
14. 

• Fig. 1 7 shows another example of a variation of 
the LC element 400 wherein the inductor electrode 
10 indicated in Fig. 14 is not used. The meander 

50 shaped pn junction layer 26 comprises a p"^ region 
20 shorter in length than the n+ region 22, the 
input/output electrodes 14 and 16 are provided at 
the respective ends of the n+ region 22, and the 
ground electrode 18 is provided at one end (for 

65 example, the outer side) of the p"^ region 20. In this 
case, both the differing length p'^'region 20 and n"^ 
region 22 function as inductors, while the pn junc- 
tion layer 26 formed by. these functions as a dis- 
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tributed constant type capacitor. The resulting LC 
element has the sanne advantages as the LC ele- 
ment 400 shown in Fig. 14 such as excellent at- 
tenuation characteristics and ease of manufacture. 

FIFTH EMBODIMENT . ^ „ • 

Following Is a. description of a fifth embodiment of 
this invention with reference to the attached draw-- 
ings. : ^ cr., . ■ . 

The above mentioned LQ elements of the. fore- 
going embodiments function* as three-ternr>inaL nor- 
mal mode type elements. Whereas, the LC element 
500 of the fifth embodiment is formed so as to 
function as a four-terminal common mode type 
element. . , . • 

Fig. 18 is a plan view of the LC element SOO.of 
the fifth embodiment. As indicated, in the figure, 
compared to the LC element 100 indicated in Fig. . 
1, the LC elernent . 500 further - comprises inv 
put/output electrodes ,36 and 38 provided at the ' 
respective ends of -the inductor electrode 10. 

Figs. 19A, 19B. and 19C show equivalent cirr 
cuits of the LC element 500. As indicated in Fig. 
19A, the spiral shaped n"*" region 22 formed be- 
tween the two input/output electrodes 14 and 16 . 
functions as an inductor having inductance LI, 
while the inductor electrode 10 formed between the 
two input/output electrodes 36 and 38 functions as 
an inductor having inductance L2. Between these 30 
inductors, in the same manner as the LC element 
100 of the first' embodiment, a distributed constant 
type capacitor having capacitance C.is formed by 
the pn junction layer 26. < ■ 

In this manner,, in addition to those for the n"^ ■ 35 
region 22, by providing input/output electrodes 36 
and 38 also at the respective ends of the Inductor 
electrode 10, the functions of a four-terminal com- 
mon mode type element having excellent attenu- 
ation characteristics can be obtained. 4o 

The pn junction layer 26 operates as a capaci- 
tor, when the relative potential, of the n+ region 22 
with respect to the p"^ region 20 (i.e., the inductor 
electrode 10) is higher, or reverse biased. There- 
fore in order for the LC element 500 to obtain 45 
operation as a four-terminal common mode ele- 
ment as mentioned, the input signal level at the n+ 
region 22 side needs to be set higher than the 
input signal level at the inductor electrode 10 side. 

Fig. 19B shows an example of forcibly applying so 
reverse bias voltage from a bias power supply 28 
between the input/output electrodes 14 and 36. 
Also, since signal inputs are applied to both in- 
put/output electrodes 14 and 36, in addition to the 
capacitor 30 of the first embodiment, the LC ele- 55 
ment 500 further comprises a capacitor 40 con- 
nected to the input/output electrode 36. side. 



In this manner, the DC components of the 
signals respectively . input to the two input/output 
■ - -electrodes 14 and 36 are removed by the capaci- 
;tors 30 and 40. Only the AC components of the ^ 
5. respective signals are- overlapped on reverse bias 
voltage applied from, the bias power supply 28 and 
. . supplied to the LC element 500. 

Consequently, reverse bias voltage can be se- 
curely applied with respect to the pn junction layer 
'10 26 for forming inductors and a distributed constant 
type capacitor. As a result, excellent attenuation 
: characteristics can be obtained. 

Rg. 19C shows an -example of replacing the 
^ • bias power supply 28 of Fig. 19B with a variable 
15. bias power supply 34. The variable bias power 
f V" .c'* supply 34 allows variably setting the reverse bias 
voltage, thereby changing the capacitance C of the 
: ;pn junction layer 26 and the overall characteristics 
;> * of the LC element 500. ' ' ' 
\20 i • The :LC element 500 also features the same 
advantages as the LC ^elements 100 and others of 
. the above described embodiments, including " man- 
ufacture by using semiconductor -manufacturing 
technology and capability of forming' as a portion of 
25 an LSI or other device, in which case wiring and 
other work in subsequent processing can be abbre- 
viated, i' ' 

The above description referred to an example 
of using the inductor "electrode 10 as one signal 
transmission line. However; the inductor electrode 
10 can be deleted and both the p+ region 20 and 
n+ region 22 comprising the pn junction layer 26 
can be used as respective signal transmission 
lines. ^ 

Fig. 20 shows an example of a variation of the 
LC element 500 wherein the inductor electrode is 
not used. As indicated in the figure, input/output 
electrodes 14 and 16 are provided at the respec- 
tive ends of the n"*^ region 22, while input/output 
electrodes 36 and 38 are provided at the respec- 
tive ends of the p+ region 20. In the case of this LC 
element, both the p+ region 20 and n-^ region 22 
are used as signal transmission lines, while these 
also respectively function as inductors. In addition, 
the pn junction layer 26 formed by these regions 
functions as a distributed constant type capacitor. 
In the same manner as the LC element 500 in- 
dicated in Fig. 18, a four-terminal common mode 
element is comprised having such advantages as 
excellent attenuation characteristics and ease of 
manufacture. 

SIXTH EMBODIMENT 

An LC element according to a sixth embodiment of 
this invention is fundamentally the same as the fifth 
embodiment and differs mainly by having non- 
spiral shapes for the inductor electrode 1 0 and pn 
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junction layer 26. In the drawings, the same des- 
ignations are used for items that , correspond to . 
those of the fifth ennbodinrient. 

The above mentioned LC elements of the first 
to fourth embodiments function as three-terminal : 
normal mode type elements. Whereas the LC ele- 
ment 600 of the sixth embodiment is formed so as , 
to function as a four-terminal common mode type 
element. 

Fig. 21 is a plan view of the LC element 600. 
As indicated in the , figure, compared to the LC 
element 200 indicated in Fig. 6, the LC^ element 
600 further comprises input/output electrodes 36 
and 38 provided at the respective ends 'of the ; 
inductor electrode 10. 

Equivalent circuits of the LC element 600 are 
the same as those of the fifth embodiment shown 
in Figs. 19A, 19B and 19C, and their features are 
also the same as described above for the fifth . 
embodiment. . .i ' vV > ' . ' 

Also, by changing the reverse bias voltage, the 
pn junction layer 26 capacitance C is changed, i.e.,. 
the overall characteristics of the' LC element 600 
can be changed, in the. same manner as each of. 
the above mentioned ernbpdiments. , 

The LC element 600 also; features the same 
advantages as the LC elements 100 and others of 
the above described embodiments, includirig man- 
ufacture by using semiconductor . manufacturing 
technology and capability of forming as a portion of 
an LSI or other device, in which case wiring and 
other work In subsequent processing can be abbre- 
viated. 

The above description referred to an example 
of using the inductor electrode 10 as one signal 
transmission line. However, the inductor electrode 
10 can be deleted and both the p"^ region 20 and 
n^ region 22 comprising the pn junction layer 26 
can be used as respective signal transmission 
lines. 

Fig. 22 shows an example of a variation of the 
LC element 600 wherein the inductor electrode is 
not used. As indicated in the figure, input/output 
electrodes 14 and 16 are provided at the respec- 
tive ends of the n+ region 22, while input/output 
electrodes 36 and 38 are provided at the respec- 
tive ends of the p'*' region 20. In the case of this LC 
elennent. both the p+ region 20 and n+ region 22 
are used as signal transmission lines, while these 
also respectively function as inductors. In addition, 
the pn junction layer 26 formed by these regions 
functions as a distributed constant type capacitor. 
In the same manner as the LC element 600 in- 
dicated in Fig. 21, a four-terminal common mode 
element is comprised having such advantages as 
excellent attenuation characteristics and ease of 
manufacture. 



: SEVENTH EMBODIMENT 

J Following is a description of an LC element accord-' 
' • ing to a seventh embodiment of this invention with 
5 ' reference to the attached drawings. 
V The above descriptions of the LC element 100 
and others of the foregoing embodiments referred 
to examples wherein 'the inductor electrode 10 was 
formed as a single conductor. In the case of the LC 
70: element 700 of the seventh embodiment, the in- 
1- ductor electrode 10: is divided into a plurality of 
divided electrode segments 10-1 and' 10-2. 

Fig. 23 is a plan view of the LC element 700 
according to the seventh' embodiment. As indicated 
-.75 in- the figure, the inductor electrode 10 used for the 
LC element 100 indicated in Fig. 1 is replaced by 
i. divided electrode segments 10-1 and 10-2, and the 
.A p"^ region 20 connected to each divided electrode 
segment is also divided. Ground electrodes 18 are 
20 . respectively connected to these divided electrode 
. * segments 10-1 and 10-2, which have an overall 
- spiral shape. By grounding the two ground elec- 
trodes 18, one end of each inductor respectively ^ 
formed by the divided electrode segments' *10-t - 
25 ".and 10-2 is grounded. Alternatively, by connecting 
. two ground electrodes 18 to a fixed potential power 
supply, one end of each inductor respectively 
formed by the divided electrode segments 10-1 
and 10-2 is set to this fixed potential. ^ 
30 Figs. 24A, 248 and 24C show equivalent cir- ' 

cuits for the LC element 700. As indicated in Fig. 
24A, the n"*" region 22 of the pn junction layer 26 
functions as an inductor with an overall inductance 
L1, while each of the divided electrode segments 
35 10-1 and 10-2 functions as an inductor with respec- 
tive inductance L3 and L4. Also, the pn junction 
layer 26 between the n^ region 22 and the respec- 
tive divided electrode segments 10-1 and 10-2 
functions as distributed constant type capacitors 
40 with capacitances C2 and C3. 

Figs. 24B and 24C indicate examples of cir- 
cuits for respectively applying reverse bias voltage 
or variable reverse bias voltage. These figures cor- 
respond to Figs. 3B and 3C, and by using these 
45 types of circuit construction, operation of the pn 
junction layer 26 as capacitors can be ensured, or 
by varying these capacitances, the overall char- 
acteristics of the LC element 700 can be varied. 
The LC element 700 also features the same 
50 advantages as the LC elements 100 and others of 
the above described embodiments, including man- 
ufacture by using senniconductor manufacturing 
technology and capability of forming as a portion of 
an LSI or other device, in which case wiring and 
55 other work in subsequent processing can be abbre- 
viated. Also, the respective self-inductance L3 and 
L4 of the divided electrode segments 10-1 and 10- 
2 is small. Consequently, the effects of these self- 
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inductances on the overall characteristics of the LC . . 
elennent 700 are small, and the. overall characteris- 
tics are largely -deternn in ed by.the /n"*^ region- 22 
inductance L1 and the distributed ; constant type 
capacitances .C2 and C3.' 

The above description referred to an exannple 
of using the spiral shaped n^ region 22 as the 
signal transnnission line and dividing the inductor - • = 
electrode 10.. However, the opposite configuration 
can also be used, namely, using the inductor elec- ' io 
trode 10 as the signal transmission line and divid- . 
ing the overall pn junction layer 26 into a. plurality; 

Fig. 25 shows an example of a variation of the • , 
present embodiment wherein the inductor electrode 
10 is used as the signal transmission line. Inr 76 
put/output electrodes. 14 and 16 are connected to 
the respective ends of the inductor electrode 10, 
while the pn junction layer 26 is divided into di-/ 
vided segments ,26-1- and 26-2. One end of each nt \ 
region 22 comprising each of these divided segr 20 
ments is connected to a ground electrode 18. As a ' 
result the functions of the n+ region 22 and induc- 
tor electrode 10 , are interchanged with respect to 
the LC element 700 indicated in Fig. 23.. while in 
essence, the same advantages are featured as the 25 
LC element indicated in Fig. 23. •. . 

Fig. 26 shows an example of another variation 
of the present- embodiment wherein the inductor 
electrode 10 iridicated in Rg. 23 is not used. As 
indicated in Fig. 26, the input/output electrodes 14 30 
and 16 are connected to the respective ends of the 
n"^ region 22, while only. the,p+: region 20 is divided. 
Ground electrodes 18 are provided at one end of 
each of these divided segments 20-1 and 20-2. In* 
the case of this LC element, the n"^ region 22 and 35 
divided segments 20-1 and 20-2 respectively func- 
tion as Inductors, while the.pn junction layer 26 
between these functions as distributed constant 
type capacitors. The resulting LC element has the 
same advantages as the LC element 700 indicated 4o 
In Fig. 23 such as? excellent attenuation characteris- 
tics and ease of manufacture, 

EIGHTH EMBODIMENT 

45 

An LC element according to an eighth embodiment 
of this invention Is fundamentally the. same as the 
seventh embodiment and differs mainly by having 
non-spiral shapes for the inductor electrode 10 and 
pn junction layer 26. In the drawings, the same so 
designations are used for items that correspond to 
those of the seventh embodiment. 

The above descriptions of LC elements of first 
to sixth embodiments referred to examples wherein 
the inductor electrode 10 was formed as a single 55 
conductor. In the case of the LC element 800 of 
the eighth embodiment, the inductor electrode 10 
is divided into a plurality (for example, two) of 



** divided electrode segments 10-1 arid 10-2. 

. Fig. 27 is a plan -view of the LC element 800 
according to the eighth embodiment. As indicated 
in the figure, the inductor electrode 10 used for the 
LC element 200 Indicated in Fig: 6 is replaced by 
divided electrode segmentS'10-1 and 10-2, and the 
p+. region 20 connected to each divided electrode 
segment Is also divided. Gi-ound electrodes 18 are 
respectively connected to these divided electrode 
■segments 10-r and 10-2, which have an overall 
meander shape. By grounding the two ground elec- 
trodes 18, one end of each' inductor respectively 
formed by the divided electrode segments 10-1 
rand '10-2 is grounded. Alternatively, by connecting 
the two ground electrodes 18 to a fixed potential 
power supply, one end of each inductor respec- 
tivply formed by the divided electrode segments 
10-1 and 10-2 is set to this fixed potential 
^ Equivalent circuits of the LC element 800 are 
the^ame as those of the seventh embodiment 
indicated in Figs. 24A, 24B and 24C, and their 
features are also" the same as described above for 
the seventh embodiment. ' ' ' ' ^ ' 

Also, by changing the reverse bias voltage, the 
pn junction layer 26 capacitance is changed, and 
thus, the overall characteristics of the LC element 
800 can be changed, in the same manner as each 
of the above mentioned LC elements' 100 and 
others. • • ^ 

The LC element 800 also features the same 
advantages as the LC elements 100 and others of 
the above described embodiments, including man- 
ufacture by using semiconductor manufacturing 
technology and capability of forming as a portion of 
an LSI or other device, in which case vvlring and 
other work in subsequent processing can be abbre- 
viated. 

The above description referred to an example 
of using the meander shaped n+ region 22 as the 
signal transmission line and dividing the inductor 
electrode 10. However, the opposite configuration 
can also be used, namely, using the inductor elec- 
trode 10 as the signal transmission line and divid- 
ing the overall pn junction layer 26 into a plurality. 

Rg. 28 shows an example of a variation of the 
present embodiment wherein the inductor electrode 
10 is used as the signal transmission line. In- 
put/output electrodes 14 and 16 are connected to 
the respective ends of the Inductor electrode 10. 
while the pn junction layer 26 is divided into di- 
vided segments 26-1 and 26-2. One end of each n+ 
region 22 comprising each of these divided seg- 
ments is connected to a ground electrode 18. As a 
result the functions of the n"^ region 22 and induc- 
tor electrode 10 are interchanged with respect to 
the LC element 800 indicated in Fig. 27, while in 
essence, the same advantages are featured as the 
LC element indicated in Fig. 27. 
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Fig. 29 shows an example of a variation of the 
LC element 800 wherein the inductor electrode is 
not used. As indicated in the figure, input/output 
electrodes 14 and . 16 are connected to the-respec- , ' 
tive ends of the n+ region 22. while only the p+ . .5 
region 20 is divided and ground electrodes .1 8 are 
provided at one end each of the divided segments 
20-1 and 20-2. The n"^ region 22 and divided seg- 
ments 20-1 and 20-2 respectively function as in- 
ductors, while between these, the pn junction layer w. 

26 functions as distributed constant .type capaci- 
tors. The resulting LC elenaent has the same ad- 
vantages as the LC element 800 indicated in Fig. 

27 such as excellent attenuation characteristics, 

and ease of manufacture. 75 

NINTH EMBODIMENT 

Following is a description of a ninth embodirrient of 

this invention with reference to the attached draw- 20. 

'f^gs. ■ , . : . . 

In general, the function as an inductor having av 
predetermined inductance is obtained by .forming a . -.j , 
conductor into a spiral shape; Also, as mentioned 
in the foregoing, the function as an inductor having 25 
a predetermined inductance can also be obtained . 
by forming a conductor into a meander shape. In 
cases where the input signal is limited to the high 
frequency band, shapes other than spiral or me- 
ander, and in extreme cases, even a- straight line 30 
shape, can function as inductors having inductance 
components. The present embodiment relates to 
such cases wherein the LC element comprises an 
inductor electrode 10 and other components having 
shapes other than spiral or meander. 35 

Figs. 30A, 306, 31 A and 31 B are plan views of 
LC elements wherein the inductor electrode 10 and 
pn junction layer 26 (p+ region 20 and n"^ region 
22) respectively have straight line shapes. 

Fig. 30A corresponds to the above mentioned 40 
Figs. 1 and 6, and indicates a three-terminal type 
LC element wherein the inductor electrode 10 and 
pn junction layer 26 are fonmed In essentially the 
same length and essentially in parallel . Fig. 30B 
corresponds to Figs. 9 and 15, and indicates an LC 
element wherein the inductor electrode 10 is pro- 
vided in correspondence to a portion of the n"*" 
region 22. 

Fig. 31 A con*esponds to Figs. 18 and 21, and 
indicates a four-terminal common mode type LC 
element wherein input/output electrodes 36 and 38 
are respectively provided at one end and the other 
end of the inductor electrode 10. Fig. 31 B cor- 
responds to Figs. 23 and 27, and indicates an LC 
element wherein the inductor electrode 10 is di- 55 
vided into two divided electrode segments 10-1 
and 10-2. 
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: ' Fig. 32 is a plan view of an LC element 
wherein the inductor electrode 10 and pn junction 
Jayer 26 have. curved line shapes with large radii of 
curvature. These shapes can be used for the in- 
ductor electrode 10 and pn junction layer 26 when 
other components etc.: need to be disposed at' 
positions .on a straight line joining the two in- 
put/output electrodes' 14 and 16. 

Fig. 33 is, a plan view of an LC element ' 
wherein .the inductor electrode 1 0 and pn junction 
layer 26 have wave shapes. Although not to the 
.extent of the meander shape indicated in Figs. 6 
and others, a wave shape provides a larger induc- 
tance than a straight line or large curve shape. 

Fig. 34 is :a plan view of an LC element 
wherein the inductor electrode 10 and pn junction " 
layer 26 are formed in partial circle shapes of less • • 
than one turn. As indicated in the figure,' this shape 
.allows comprising an LC element having "a shnall 
; inductance. Also, by partially -folding back. one or ' 
: both ends of the inductor electrode '10 and pn - 
. junction layer 26, the generated magnetic flux c&n 
be partially cancelled and the inductance reduced. 
' As a result, the overall inductance, i.e., frequehcy- 
response can be adjusted. 

In order to simplify the description, only the LC 
element example of Fig. SOA is indicated in Figs. 
32 - 34. However, the LC elements in those figures 
can be replaced by any one of the LC elements 
shown in Figs. 30B, 31 A and 31 B. . • 

Consequently the LC . elements indicated- in 
Figs. 30A - 34 have different sh apes for the ind y.c-- 
tor electrode 10 and plHunctiorriayer 26, but in the - 
same manner as the above described LC elements 
100 and others of Ihe foregoing embodiments, they 
can function a s elements^PTaving excellent attenu- 
ation characteristics. Also, as In the case of. any 
one of the "alDove mentioned embodiments, - by- 
changing the reverse bias voltage applied to the pn * - 
junction layer 26, the capacitance of the distributed 
constant type capacitor can be changed, and 'the' 
overall characteristics of the LC element can be 
variably controlled. 

The LC element of the present embodiment' 
also features the same advantages as the LC ele- 
ments of the above described embodiments, in- 
cluding manufacture by using semiconductor man- 
ufacturing technology and capability of forming as 
a portion of an LSI or other device, in which case 
wiring work in subsequent processing can be ab- 
breviated. 

OTHER EMBODIMENTS 

Following are descriptions of LC elements accord- 
ing to other embodiments of the present invention 
with reference to the attached drawings. 
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The above described embodiments . wherein 
the respective LC ^lernents comprised meander 
shaped electrodes referred to examples wherein 
the two input/output electrodes 14 and .16 were, 
disposed at separated positions near the; respective 6 
ends of the inductor electrode 10 or pn junction 
layer 26. However, the inductor electrode 10 and/or 
pn junction layer 26 shape .can also be nnodified in 
a manner whereby the two input/output electrodes 
14 and 16 can be disposed at adjacent positions. , . 70 

For example, as indicated In Fig. 35, one end 
of the inductor electrode 10 and pn junction layer . 
26 of the LC element .200 indicated in Fig. 6 is 
extended so as to reach the input/output electrode . 
16, thereby enabling the two input/output elec-^ - 75 
trodes 14 and 18 to be disposed at adjacent posi- . 
ttons. As another example, as indicated in Fig. 36, 
the inductor electrode 10 and pn junction layer 26 t 
of the LC element .200 indicated in Fig. 6 are 
folded back while preserving their meander shape,, . 20 
thereby enabling the two input/output electrodes 14 
and 1 6 to be disposed at adjacent positions. 

In this manner, by modifying the shape of the 
inductor electrode, 10 and/or pn junction layer 26, 
the two input/output electrodes 14 and 16 can be 25 
disposed adjacently, while the ground electrode 18 
and the two input/output electrodes 14 and 16 can 
be formed at nearly the same position. Conse- 
quently, wiring, when providing terminals can be 
performed easily and manufacturing processes can 30 
be sinnplified. 

Figs. 37 and 38 are explanatory drawings for 
describing the provision of terminals by chemical 
liquid phase deposition. Fig. 37 is a plan view of an 
LC element corresponding to Figs. 1 and others. 35 
As indicated in the figure, v although input/output 
electrodes 14 and 16 are provided at the respec- 
tive ends of the n**" region 22 of the pn junction 
layer 26, the ground electrode 18 is not provided at 
one end of the inductor electrode 10. After separat- 4o 
ing the individual LC elements from a semiconduc- 
tor substrate having this type of construction, as 
indicated in the Fig. 38 cross-sectional view cor- 
responding to a view viewed along line C - C in 
Fig. 37, a silicon oxide film 42 is formed as an 45 
insulation film by chemical liquid phase deposition 
on the entire surface of the individual separated 
chip (element). Perforations are opened in the sili- 
con film by etching over the inductor electrode 10 
and input/output electrodes 14 and 16. The perfora- 50 
tions are then closed by applying solder 44 to the 
extent of protruding slightly from the surface. Since 
the protruding solder 44 can be brought into direct 
contact with such structures as printed wiring board 
lands, the condition is favorable for surface mount- 55 
ing. 

A protective film of synthetic resin or other 
insulating material can also be used on the element 



r surface, and perforations opened in the protective 
film by laser light. 

. Rg. 39 is an explanatory drawing for describing 
formation of LC elements lOOl 200, and other LC 
> elements according to- any one of the foregoing 
embodiments as one or more portions of an LSI or 
other device. As . indicated in the figure, the LC 
elements are incorporated onto the semiconductor 
chip 46 by inserting them into the signal lines or 
, power supply lines-48. A special advantage; of this 
invention is that the LC elements can be manufac- 
tured simultaneously with forming various other cir- 
cuits on the semiconductor chip 46, thereby elimi- 
mating or reducing the need for wiring and other 
t work in subsequent processing.. ' 

^ ,Figs. 40A - 40E indicate examples of - buffer 
; connection to the output side of the LC elements 
100, 200 and others of the above mentioned em- 
, " bodiments. In general, since the n"*" region 22 and 
region 20 have higher resistance compared to a 
metal such as aluminum, when' these are used as 
'. . signal transmission lines, signal attenuation is com- 
paratively significant.. Consequently,' in many prac- 
tical applications, a buffer is connected to the out- 
put side for amplifying the attenuated signal volt- 
age level . Also, in some cases when the inductor 
electrode 10 length is long or the thickness is'thin 
and the inductor electrode 10 is used as the signal 
transmission line, the signal attenuation cannot be 
ignored. In these cases "as well, a practical LC 
element is comprised by connecting a buffer to the 
output side. j 

Fig. 40A indicates use of a source-follower 
circuit as a buffer comprising a MOSFET and a 
resistor. Since construction of the MOSFET com- 
prising this source-follower circuit 50 differs only 
slightly from the LC elements of the foregoing 
embodiments and can be formed on the same 
semiconductor substrate, the overall LC element 
including the source-follower circuit 50 can be 
formed in a unitized manner. 

Fig. 40B indicates use of an emitter-follower 
circuit 52 as a buffer comprising two bipolar tran- 
sistors in a Darlington connection and a resistor. 
Since construction of the bipolar transistors com- 
prising this emitter-follower circuit 52 is the same 
as the LC elements of the foregoing embodiments, 
the overall LC element including the emitter-fol- 
lower circuit 52 can be easily formed in a unitized 
manner. By grounding the base of the transistor 
closer to the output through a resistor, the operat- 
ing point of this transistor can be further stabilized. 

Rg. 40C shows an example of using a circuit 
comprising a p channel MOSFET with reverse bias 
as a buffer 53. 

Fig. 40D shows an example of using an am- 
plifier circuit 54 comprising two MOSFETs and 
resistors as a buffer. Since construction of the 
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MOSFETs comprising this amplifier circuit 54 dif- 
fers only sliglitly from the LC elements of the 
foregoing embodiments and can be formed on the 
same semiconductor substrate, the overall LC ele- 
ment including the amplifier circuit 54 can be 
formed in a unitized manner. The voltage amplifica- 
tion factor of this 'Circuit is 1 + (R2/H1) and by 
using R2 = 0, the circuit is equivalent to a source- 
follower. 

Fig. 40E shows an example of using an am- 
plifier circuit 55 comprising two bipolar transistors 
and resistors as a buffer. Since construction of the 
bipolar transistors comprising this amplifier circuit 
55 is the same as the LC elements of the foregoing 
embodiments and can be formed on the same 
semiconductor substrate, the overall LC element 
including the amplifier circuit 55 can be formed in a 
unitized manner. The voltage amplification ratio of 
this circuit is 1 + (R2/R1) and by using R2.- 0. 
the circuit is equivalent to an emitter-follower.' 

When interchanging the LC- element 100 in- 
dicated in Figs. 40A - 40E with the LC elements 
500, 600 etc. of their respective fifth, sixth embodi- 
ments, since both the. n^ region 22 and inductor 
electrode 10 are used as signal transmission lines, 
a buffer such as one of the above mentioned 
buffers 50, 52, 53. 54 or: 55 is also connected to 
the inductor electrode 10 output, side. 

In this manner, by providing , a buffer at the 
output side, the signal level attenuated via the n"*" 
region 22 is restored by amplifying, and the fre- 
quency components over a comparatively wide 
band are removed by the LC elements 100, 200 
and others. As a result, an output signal with excel 
lent SN ratio can be. obtained, and the impedance 
can be adjusted with respect to subsequent stage 
circuits. 

Figs. 40A - 40E respectively show examples of 
using the LC element 100 of the first embodiment. 
However, the LC element 100 can be replaced by 
any one of the LC elements 200, 300, 400, 500, 
600, 700, 800 and others of above described em- 
bodiments. 

In this manner, by providing a buffer 50, 52, 
53, 54. 55 at the output side, the signal level 
attenuated via the region 22 or inductor elec- 
trode 10 is restored by amplifying, and the fre- 
quency components over a comparatively wide 
band are removed by the LC elements 100, 200 
and others. As a result, an output signal with ex- 
cellent SN ratio can be obtained. 

Also, by connecting a level converter circuit to 
the output side, the signal level attenuated via the 
n^ region etc. can be amplified, converted to a 
predetermined level or the level corrected. In the 
same manner as the above mentioned buffers 50, 
52, 53, 54 and 55, such level converter circuits can 
be formed in unitized manner on the same semi- 



conductor substrate with the LC elements 100, 20O 

and others of the above mentioned embodiments. 
. s In the case 'bf the LC elements 500 and 600 of 
' ^ their respective fifth and sixth embodiments, level 
•5 converter circuits can be connected to the output 

side of either one or both the signal transmission 

lines. 

The present invention is not limited by the 
above described embodiments, and numerous vari- 
70 ations are possible- within the scope of this inven- 
^ tion. 

For example, the above embodiments referred 
to examples of forming the inductor electrode 1 0 in' 
direict contact with the p+ region 20 surface of the 
15 pn junction layer 26. However, an insulation layer 
- 62 comprising Si02 or other material can also be 
' interposed between the inductor electi^ode 10 and 
- ■ the p+ region 20 of the pn junction layer 26. 

Fig. 41 shows an iexample of cross-sectional 
20 construction when an insulation layer 62 is formed 
^ between the inductor electrode 10 and the p^ re- 
gion of the pn junction layer. In this case, reverse 
bias voltage can be applied direcitly 'to the pn 
• • junction layer 62. while a signal can be input *di- 
25 rectly to the input/output electrode 14 (or 16) pro- 
vided at one end of the inductor electrode 10. In 
other words, a capacitor function is comprised by 
the insulation layer 62 disposed between the induc- 
tor electrode 10 and p"^ region 20, thereby eliminat- 
30 ing the need for the capacitor 30 indicated in Fig. 
3B and others for removing the DC component. 

Also, in the above described embbdihn^nts, the 
inductor electrode 10 is forrried in a final process 
by vapor deposition of aluminum or other material, 
35 resulting in the inductor electrode 10 protruding 
from the surface as indicated by the cross^sec- 
tional view of Fig. 2. However, a channel can be 
formed in a portion of the pn junction layer 26 by 
etching or other means, thereby allowing the induc- 
40 tor electrode 10 to be embedded in the pn junction 
layer 26 as indicated in Fig. 42. This type' of 
process eliminates surface irregularities and allows 
forming an essentially flat LC element, in which 
case assembly and other work can be performed 
45 easily. 

The above described embodiments referred to 
examples of forming LC elements using pnp con- 
struction including the p-Si substrate 24. However, 
npn construction can also be used in the same 

50 manner. Fig. 43 is a partial cross-sectional view of 
an LC element having npn construction. In this 
case, the polarity of the reverse bias voltage ap- 
plied to the pn junction layer needs to be inverted. 
Fig. 44 shows an example of a circuit for applying 

55 this inverted polarity reverse bias voltage and cor- 
responds to Fig. 3C. 

In the cases of the above mentioned embodi- 
ments relating to a spiral shaped inductor elec- 
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trode, the descriptions referred- to essentially cir- 
cular spiral sliapes for the inductor electrode 10 
and pn junction layer 26. However,- provided an 
overall spiral shape is formed, a squared type or 
other type of spiral shape can also be used. Also, - 5 
these same descriptions referred to examples of • 
connecting the ground electrode 18 to the outer' 
circumference end- of the inductor electrode 10. 
However, the grourid electrode -18 can also be 
provided at the inner circumference end of the io 
inductor electrode 10. 

The foregoing descriptions also mentioned th'e^ 
effects of forming the LC elements 100 and others 
as portions of LSI or other devices. However, for- 
mation as portions of LSI or other devices is not 75 
essential . After forming the LC element 100 etc. 
on a semiconductor substrate, terminals can be 
respectively provided for the input/output electrode 
14 and 16, and the ground electrode 18, or chemi- 
cal liquid phase deposition can be used as in- ' 20 
dicated in Fig; 3!5 to provide terminals; thereby 
forming a discrete element. In this ease, a plurality 
of LC elements can be formed simultaneously on ' 
the same semiconductor substrate, which can then 
be separated and respectively provided with termi- 25 
nals. In this manner, the* LC elements can be easily 
mass produced. 

Also, the above' mentioned embodiments re- 
ferred to examples of providing the input/output 
electrodes 14 and 16. and the ground electrode 18 30 
at the respective ends of the n"^ region 22 and 
inductor electrode 10, However, these need not be 
the absolute ends, and the attachment positions of 
the input/output electrodes 14 and 16, and the 
ground electrode 18 can be shifted according to 35 
requirements. 

As mentioned in the above descriptions, by 
changing the reverse bias voltage, the capacitance 
of the distributed constant type capacitor also 
changes and thus, -the frequency response of the 40 
LC element can be variably controlled. Conse- ' 
quently, by using the LC element 100 etc. as a 
portion of a circuit, variable frequency type circuits, 
such as tuners, modulators, oscillators and filters 
can be easily constructed. 45 

The foregoing embodiment descriptions re- 
ferred to examples of forming the pn junction layer 
on a p-Si substrate. However, other types of semi- 
conductors, such as germanium or gallium ar- 
senide or non-crystalline material such as amor- 50 
phous silicon can also be used. 



Claims 

1. An LC element comprising: 

an inductor electrode having a predeter- 
mined shape formed on the surface of a semi- 
conductor substrate, and 



a pn junction layer having a predetermined 
shape formed at a position along said inductor 
electrode in a portion of said semiconductor 
substrate, wherein 

said pn junction layer comprises a first 
region comprising a p region or an n region 
and a second region comprising an inverted 
region with respect to said first region, and 
functions as a capacitor when used in the 
reverse bias state, 

said first region being connected to said 
inductor electrode, 

said inductor' electrode and said second 
region respectively comprise inductors, 

a distributed constant type capacitor is 
formed by said pn junction layer in correspon- 
dence to these inductors, and 

at least one of said inductor electrode and 
said second region is used as a signal trans- 
mission line, - ' '" 

2. An LC element according to claim 1 wherein: 

at least said second region of said pn 
junction layer' is * formed longer or shorter in 
length than said inductor electrode, thereby 
producing partial correspondence between 
said inductor electrode and said second region 
of the pn junction layer. 

3. An LC element according to claim 1 or 2 
wherein: 

said inductor electrode is divided into a 
plurality, or at least said second region of said 
pn junction layer is divided into a plurality, and 
each divided segment is respectively connect- 
ed electrically. 

4. An LC element according to any one of the 
claims 1-3 further comprising: 

first and second input/output electrodes 
provided near the respective ends of either 
said inductor electrode or the second region of 
said pn junction layer, and 

a ground electrode provided near one end 
of the other one of said inductor electrode or 
the second region of said pn junction layer, 
wherein: 

a signal is input to either said first in- 
put/output electrode or said second In- 
put/output electrode and output from the other 
one thereof, and 

said ground electrode is connected to a 
fixed potential power supply or grounded. 



55 5. An LC element according to any one of the 
claims 1 - 4 further comprising: 

first and second input/output electrodes 
provided near the respective ends of either 
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said inductor electrode or said second region 
of said pn junction layer, and 

third and fourtli input/output electrodes 
provided near the respective ends of the other 
one of said inductor electrode and said second 
region of said pn junction layer, wherein: 

said inductor electrode and the second 
region of said pn junction layer respectively 
function as signal transmission lines, thereby 
enabling use as a comnnon mode type ele- 
ment. 

6. An LC element according to any one of the 
claims 1 - 5 wherein: 

the capacitance of said pn junction layer 
can be changed by changing the reverse bias 
voltage applied to said pn junction layer. 

7. An LC element according to any one , of the 
claims 1 - 6 formed in a unitized manner as a 
portion of substrate wherein: 

at least either said inductor electrode or 
second region of said pn junction layer is 
inserted into a signal line or power supply line. 

8. An LC element formed in a portion of a semi- 
conductor substrate comprising: 

a pn junction layer having a predetermined 
shape and functioning as a capacitor when 
used in reverse bias state, said pn junction 
layer including a first region and a second 
region inverted with respect thereof, wherein: 

inductors are respectively comprised by 
said first and second regions, 

a distributed constant type capacitor is 
formed by said pn junction layer, and 

at least one of said first and second re- 
gions is used as a signal transmission line. 

9. An LC element according claim 8 wherein: 

said second region is set longer or shorter 
In length than said first region, thereby produc- 
ing partial correspondence between the first 
and second regions. 

10. An LC element according to claim 8 or 9 
wherein: 

either said first region or said second re- 
gion is divided into a plurality, and 

each divided segment is respectively con- 
nected electrically. 

11. An LC element according to any one of the 
claims 8-10 further comprising: 

first and second input/output electrodes 
provided near the respective ends of either the 
first region or the second region comprising 
said pn junction layer, and 
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a ground electrode provided near one end 
of the other one of the first and second regions 
comprising said pn junction layer, wherein: 

a signal is input to either said first in- 
put/output electrode or said second in- 
put/output electrode and output from the other 
one thereof, and 

said ground electrode is connected to a 
fixed potential power supply or- grounded. 



12. An LC element according to claim 8 or 9 
further comprising: 

first and second input/output electrodes 
provided near the respective ends of either the 
15 first, region, or the second region comprising 

said pn junction layer, and 

third and fourth Input/output electrodes 
provided near the respective ends of the other , 
one of the first and second regions conriprising. 
20 said pn junction layer, wherein: 

the first and second regions of said pn 
junction layer respectively function as signal 
transmission lines, thereby enabling use as a 
i^. common mode type element. 
25 , . 

13. An LC element according to any one of- the. 
claims 8-12 wherein: 

by changing the reverse bias applied to 
said pn junction layer, the capacitance of said , 
30 pn junction layer can be changed. 

14. An LC element according to any one of the 
claims 1-13 further comprising: 

a buffer connected to the output side of 
35 said signal transmission line. 

15. An LC element according to any one of the 
claims 1 -14 formed on a semiconductor sub- 
strate and further comprising terminals by 

40 forming an insujation film on the, entire 

surface of said semiconductor substrate, 

opening perforations in portions of this in- 
sulation film by etching or laser light emission, 
and then 

45 closing the perforations by applying solder 

to the extent of protruding slightly from the 
surface. 

16. An LC element according to any one of the 
50 claims 8-15 formed in a unitized manner as a 

portion of substrate wherein: 

at least one of the first and second regions 
of said pn junction layer is inserted into a 
signal line or power supply line. 

55 

17. An LC element manufacturing method com- 
prising the steps of: 

a first process whereby a spiral shaped pn 
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junction layer comprising a first region and a 
second region inverted with respect thereof is 
formed in a semiconductor substrate, 

a second process whereby an inductor 
electrode is fornned electrically connected over 5 
the entire length of said first region on the 
surface of said pn junction layer, and 

a third process whereby a wiring layer is 
formed respectively connected to both ends or 
one end of said inductor electrode and second 70 
region of said pn junction layer. 

18. An LC element manufacturing method com- 
prising the steps of: 

a first process whereby a meander shaped 75 
pn junction layer comprising a first region and 
a second region inverted with respect thereof 
is formed in a semiconductor substrate, 

a second process whereby an inductor 
electrode is fonmed electrically connected over 20 
the entire length of said first region on the 
surface of said pn junction layer, and * ■ 

a third process whereby a wiring layer is - ' 
formed respectively connected to both ends or 
one end of said inductor electrode and second 25 \ 
region of said pn junction layer. 

19. An LC element manufacturing method com- 
prising the steps of: 

a first process whereby a spiral shaped pn 30 
junction layer comprising, a first region and a 
second region inverted with respect thereof is 
formed in a semiconductor substrate, and , 

a second process whereby a wiring layer 
is formed respectively connected to both ends 35 
or one end of said first and second regions of 
said pn junction layer. 

20. An LC element manufacturing method com- 
prising the steps of: 40 

a first process whereby a meander shaped 
pn junction layer comprising a first region and 
a second region inverted with respect thereof 
is formed in a semiconductor substrate, and 

a second process whereby a wiring layer 45 
is formed respectively connected to both ends 
or one end of said first and second regions of 
said pn junction layer. 
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